This paper sets the stage for this Special Issue covering a set of papers, which try to provide a cross-scale evaluation of the trade-offs and synergies evident among aquaculture, water quality and environment in the empirical context of 8 different countries from Asia and Africa. Having discussed the livelihood and policy significance of the issue of cross-scale trade-offs and synergies, this paper provides an eclectic review of literature to show how this issue has been insufficiently treated in past studies. With a brief overview and synthesis of the papers included in this Issue, this paper also indicates how they overcome the analytical, methodological, and data challenges so as to provide a cross-scale evaluation of the trade-offs and synergies in different empirical settings. After illustrating how the new research insights can be integrated into the public debates and policy processes, this paper concludes with the identification of future research and policy needs.
Introduction
Human modification of ecosystems to improve preferential goods and services alters the overall bundle of goods and services that the ecosystem provides. Trade-offs arise because of the human differences in the preferred goods and services and of the fact that when an improvement in one good or service is generally achieved at the expense of another good or service. Modification may also have synergetic effects arising from the wide array of possible interactions between ecosystem elements in such a way that the combined effect of several forces is greater than the sum of the separate effects of the forces. While these trade-offs and synergies are often well known, what is less explored is the most important question (policy-wise) of how these trade-offs and synergies vary across spatial and temporal scales, and in on-site and off-site contexts. The spatial scale is important because the poor water quality effects of farm practices in the watershed may be felt in an entire aquatic ecosystem. Similarly, positive synergies from improved farm practices can also spread across the aquatic ecosystem. The temporal scale is also important because the effects of reforestation in the watershed, for instance, will not be felt until the trees have an impact on the timing, flow rate, and quality of water in aquatic ecosystems.
The cross-scale evaluation of the trade-offs and synergies are critical, especially considering the social, economic, and environmental costs of not undertaking such evaluation and following through the policy paths. The failure to adequately evaluate the trade-offs and synergy issues can lead to a lack of location-/issue-specific policy recommendations; conflicting policies for different sectors/sub-sectors; inadequate consultation of key stakeholders and adaptive management strategies; poor project planning; sub-optimal allocation of resources; use and user conflicts; and resource degradation.
However, the analytical and data difficulties inherent in undertaking such evaluations are as real as the social costs of not doing them. The challenges of incorporating trade-off and synergy information in multi-stakeholder decision-making processes are many and varied. They include: the multiple value dimensions among stakeholders; existence of many and diverse units of indicators (dollars, ha, population, human health, etc) ; high uncertainty of consequences; changing valuation of a particular effect by stakeholders (Maness, 2005; Marinescu & Maness, 2005) ; lack of adequate and reliable information; and the many factors that influence outcomes of a particular policy. This Special Issue of Water Policy is an attempt to bring together a set of papers that demonstrate how these analytical and data challenges can be overcome to provide a valuable cross-scale evaluation of the trade-offs and synergies, from a policy perspective, in aquatic ecosystems in different contexts.
Objectives and scope
This Special Issue explores and evaluates the trade-offs and synergies particularly evident within aquatic ecosystems, and specifically those related to aquaculture, water quality and environment aspects. The trade-offs and synergies are evaluated in terms of the relationships between human well-being (food security, secure and higher incomes, better health) and enhanced ecological well-being (improved water quality, securing environmental flows and enhancing biodiversity). Although the general perception is that enhancing human well-being comes at the expense of ecological well-being, there is also evidence to the contrary, as human interests and environmental security can evolve together through synergies. Synergies often exist among provisioning, regulating, and cultural and supporting services provided by various ecosystems. Synergies can be achieved when actions to conserve or enhance a particular component of an ecosystem or its services benefit other services or stakeholders. For example construction of small reservoirs for supplemental irrigation may contribute to enhancing local food security and incomes, while at the same time creating opportunities for enhancing fish stock and biodiversity, and for meeting dry season environmental flow requirements through reduced river water withdrawal. Also, protection of wetlands can contribute to flood control and also help to remove pollutants, such as phosphorous and nitrogen, from the water.
The evaluation of the trade-offs and synergies, and the development and implementation of policy options for managing them are complex, requiring different approaches, methodologies, and data sources. This is especially true given the unpredictability and location-specificity of actors, events, and impacts. From both an evaluation and implementation perspective, there is also an indispensable need for participatory planning and adaptive management approaches and strategies. Participatory planning and adaptive management can also benefit greatly from credible and timely information on the actual and likely trade-offs and synergies in different contexts. This is particularly true when there is a spatial (long distance) and temporal (current and future generation) disconnection.
This Special Issue aims to contribute by (a) illustrating how new research insights can be integrated into the processes and public debates associated with policy formulation and implementation; (b) illustrating how tools and methods can be used to generate adequate and credible information; and (c) identifying future research needs to respond to emerging issues.
In addition to this paper, the Special Issue brings together a set of 9 papers that integrate methodological and empirical aspects to highlight some of the major water policy options, especially for enhancing synergies while minimizing trade-offs within aquaculture, water quality, and the environment. The issue covers practical case studies from eight different countries: four from Asia and four from Africa (Bangladesh, Cambodia, India, Vietnam, Burkina Faso, Ethiopia, Nigeria and Uganda). As these countries represent different economic, political and resource configurations, and are in different stages of water resource development and management, this Special Issue is expected not only to present the observed patterns of synergies and trade-offs found across different country contexts but also to highlight some generic issues and potential policy options applicable to most of them. The aim of this paper is to introduce and synthesize the knowledge base contained in this Special Issue.
Trade-off and synergy issues in literature and policy
Water is vital for all processes of plant and animal life, and consequently a critical input to all socioeconomic development initiatives. In most cases, there exists a mismatch between (a) the quantity and quality of water required and what is available; (b) the quantity and quality of resources (human, financial and physical) required for water development and management, and what is available; and (c) the quantity and quality of knowledge (and institutions required) for water development and management, and what is available. This situation is further complicated by the myriad stakeholders with diverse and sometimes competing objectives. Under such conditions, understanding trade-offs and synergies associated with water development (assessment, allocation, use) and management is a pre-requisite to formulation and implementation of water policies.
Past experiences illustrate the high human, social, environmental and financial cost of failing to take trade-offs and synergies into consideration. For example, the drying of rivers and lakes in many parts of the world illustrates a failure to adequately take the goods and services generated by an aquatic ecosystem into consideration. In hindsight we can argue that a more exhausting analysis of trade-offs and synergies associated with water abstraction, damming and pollution would have provided the information required for participatory water planning and development. We therefore argue that a good understanding of trade-offs and synergies, followed by a well-facilitated consultation and debate on investments and likely outcomes, gainers and losers, and how to reduce negative impacts, could lead to appropriate water policies that in turn lead to the formulation and implementation of development projects which concurrently enhance human and ecological well-being.
One of the major gaps in the existing literature is that most papers on the subject end up just addressing the pros and cons of development interventions without going into the trade-off issues in a holistic manner. They focus either on one or a few components of the system or on one or a few sets of issues. Such a partial approach fails to capture the complex interaction between system components, management and policy interventions. Policy discussions generally fail to adequately take the crosssectoral and cross-scale issues into consideration. The implication is that trade-offs and synergy information are not adequately captured and taken into consideration, scale issues are generally not that well articulated, and often their implications and policy requirements are less clearly identified. The papers in this Special Issue try to fill these gaps or complement the present literature by covering some of these points, using different methods as illustrated below.
Overview and synthesis
Having set the context and issues, a quick overview and synthesis of the papers included in this Special Issue can now be presented.
Friend & Blake (2009) examine the trade-offs associated with hydropower development and fisheries in the Mekong River basin. They draw on anthropological approaches to development policy to consider the implications of a hydropower narrative based on trade-offs in light of experience in the Mekong Basin, and to consider alternative ways of framing the debate on hydropower and capture fisheries. They argue that although the potential impacts of hydropower development on capture fisheries are acknowledged, in this emerging development narrative trade-offs and synergies are not adequately addressed. They further argue that although the concept of trade-offs has an immediate appeal, it is also problematic as it draws attention away from the consideration of development objectives and options towards a focus on impacts, and infers a technical approach as opposed to a political process of decision making. They highlight the following limitations in basing discussions of water resource development and management of impacts in terms of 'trade-offs': (a) trade-offs are currently most closely associated with an agenda that is actively promoting large-scale water resource development; (b) the trade-off approach is based on the assumption that impacts can be identified adequately, that they will be less than had previously been expected, and that they can be managed; (c) the history of mitigation of infrastructure impacts on capture fisheries in the Mekong is very poor; and (d) focusing on the trade-offs of an established agenda deflects attention from the framing of that agenda, and limits scope for shaping alternative visions of development. They further argue that the inherently political dimension of negotiating competing visions of economic development is at risk of being reduced to a managerial and technocratic process. Navy & Bhattarai (2009) present an economic analysis of the viability and trade-offs involved in use of small-scale (family fishing) inland capture fisheries in three fishing communities, each representing a distinct floodplain characteristic in Cambodia. They identify major changes in fishing activities and fisheries resources in these communities that have affected the income of fishers. These changes are: the increase in number of fishing households, mainly due to migration; the introduction of motor engines on fishing boats and use of illegal gear and illegal fishing techniques in the 1990s; the decline of the fish population due to over catching, in particular during the fish breeding season; and, the formulation of a fish market in the mid 1980s. The average net profits of family fishing was US$12 per trip and US$4.6 per trip during the open (October to May) and close (June to September) seasons, respectively; but in 2004-2005 the real profit (calculated by deducting the cost of family labour from the net profit) was only of US$4.5 and US$1.6 during the open and close season, respectively. The return from fishing greatly varied from surveyed site to site, depending upon the quality of the fishing grounds, hydro-ecology, local institutions, and socio-economic factors. The high seasonal and spatial variations of returns from capture fisheries suggest interdependence of fishing activities with water allocation policies, and related tradeoff on economic activities with water allocation and natural resources management policies. In addition to providing ready employment for a rapidly growing rural population, small-scale fishing also provides livelihood supports and employment security to many millions of poor households. There is also an urgent need for a synergy of various rural development efforts with fisheries policies in Cambodia. Verdegem & Bosma (2009) state that there are 8,750,000 ha of freshwater and 2,333,000 ha of brackish water ponds globally, and that freshwater aquaculture utilizes 16.9 m 3 of water to produce a kilogram of fish. Infiltration loss, evaporation loss and water replacement accounts for 6.9, 5.2 and 3.1 m 3 per kilogram respectively. About 1.7 m 3 water/kg production is indirectly consumed through evaporation during the production of grains incorporated in aquafeeds. They report that there is a potential to reduce water use in aquaculture by 60%, mainly from intensification and aquafeed development. They argue that a tripling of average pond production in freshwater ponds and the increased use of brackish water aquaculture can further reduce freshwater use. The trade-off and synergies issues raised in the paper are associated with whether infiltration losses and exchange water from aquaculture contributing to green water flows are at levels acceptable to the environment under different conditions. The research priorities identified include: water loss reduction; increasing productivity while reducing negative environmental impacts; reducing dependency on grains in aquafeed; and improving productivity of brackish water ponds.
Mustafa & Brooks (2009) present a comparative analysis of the technical and economic parameters of two community-led approaches for systems based on semi-closed water bodies (beels) and on floodplain water bodies in Bangladesh. The two approaches differ in management, fish production, impact of biodiversity, capital investment and annual variable costs, share of profits, and proportional benefits for the poor and impacts on allied businesses, the so-called backwards and forwards linkages. Annual net economic benefit per hectare was found to be Taka 37,710 and 26,819 for semi-closed and floodplain systems, respectively. The net income per kg of product was found to be Taka 44.0^9.0 and 13.0^3.0 for semi-closed and floodplain systems, respectively. The floodplain system tends to use comparatively more feed and fertilizers per unit area than pond-based aquaculture, but these inputs are not used in the semi-closed system. The study reveals that the semi-closed, stocked beels (using the Community Based Fisheries Management (CBFM) approach) generated a substantial benefit to the poor fishers and participating members of the community. On the other hand, the floodplain aquaculture system (using the Pankowri or Daudkandi model), which is a costly approach, generated benefits for only certain sectors of the community (especially the landowners) at the cost of bio-diversity, ecology and the livelihoods of poor people, especially fishers. However, in terms of institutionalization, the Pankowri model applied in Daudkandi Upazila may prove to be exceptional, but there are insufficient data and analysis to demonstrate clearly which approach best helps the poor, and which, if either, approach is sustainable in the long term. The present study also illustrates the long-term gain that can be secured through the adoption of community-based management approaches to semi-closed and floodplain aquaculture systems. Given the cost-effectiveness of stocking as a means of increasing production and incomes, it is recommended that the CBFM approach be extended to other semi-closed and floodplain aquaculture systems and be adopted as a key policy for development of fisheries resources in Bangladesh. Their study shows that due to much higher revenue from shrimp compared with rice, farmers are trying many techniques to prolong the duration of saline water in their fields for shrimp cultivation. This strategy makes the subsequent rice crop impossible, even in the rainy season, thus requiring harmonization of water management at different levels (farm and regional canal system) in order to address the emerging trade-off issues. The RPGs in Bac Lieu province provided better understanding of (a) the conflicts between brackish water aquaculture and agriculture; (b) the reasons why farmers are trying to prolong the duration of saline water as long as possible into the rainy season at the expense of the following rice crop; (c) the drivers of the decline in the planned buffer zone between brackish water aquaculture and agriculture; (d) the technical options for managing trade-offs. Banadda et al. (2009) discuss how land degradation induced by deforestation, wetland transformation, overgrazing, individualistic land ownership policy, poor housing, careless crop production, horticulture practices and poor traffic networks have had a marked impact on the pollution of water in the Murchison Bay, through soil erosion and transport of suspended solids and contaminants. They argue that Uganda needs to set realistic local standards, offer affordable services, set time frameworks, streamline politics, nurture and develop institutions, divide institutional responsibilities, educate its people and learn from the success stories to reverse the negative impacts on the water quality in Murchison Bay. They illustrate that trade-off and synergy issues are poorly understood, and not generally integrated into water and environmental policy formulation and implementation. Hoanh et al. (2009) explore how the tidal effect and salinity intrusion influence the way coastal land and water resources are managed, and the trade-offs that emerge between agriculture and aquaculture production, and between economic development and environmental degradation associated with brackish water aquaculture. Hydraulic and salinity modeling simulated tidal propagation and salinity intrusion, and analyzed the effects of water management on hydrological and salinity conditions that control land use in these coastal zones. Trade-off information generated was used to guide decisions on water control infrastructure and operational requirements that could minimize the conflicts in requirement of freshwater for agriculture and brackish water for shrimp culture. They conclude that coastal planners and managers will always face a certain degree of uncertainty, not only because the future is by definition uncertain but also because knowledge and data on natural and socio-economic coastal processes are, and will always remain, incomplete (Metz et al., 1999) . Therefore, the new direction in development of coastal zones is to try the "non-new infrastructure" alternatives (as in the operation and adjustment phase of this study) rather than building new infrastructure that cannot be adjusted flexibly when any conflict in resource use occurs.
McCartney (2009), in his review paper on the consequences for ecosystems and biodiversity resulting directly from the presence of dams on rivers and of constraints and opportunities for environmental protection, illustrates that a wide range of both technical and non-technical measures has been developed to ameliorate the negative impacts of dams. He discusses the constraints to successful implementation and mechanisms for promoting, funding and ensuring compliance, arguing that relatively few studies have been conducted to evaluate the success of these measures and that it is widely perceived that many interventions fail, either due to technical reasons or as a consequence of a variety of socio-economic constraints. He notes that managing the emerging trade-offs requires inter-disciplinary thinking and a basic understanding of the complex interactions between ecological and socio-economic systems. Bharati et al. (2009) evaluate the plausible future scenarios of water availability and use under conditions of various cropping patterns and with the explicit inclusion (for the first time) of environmental water requirements for one of the links of the National River-Linking Plan (NRLP), from the Godavari River at Polavaram to the Krishna River at Vijayawada, the 'Polavaram Project'. The scenarios are evaluated using the WEAP (Water Evaluation and Planning) model, and the study generates information for use in managing emerging trade-offs. The importance of explicit accounting for monthly variability in description of water supply and demand in the monsoon-driven climate conditions of the region is advocated. Such detailed scenario simulations and inclusion of previously unaccounted for factors/uses can help to create awareness of potential future problems, inform water management practices and suggest management alternatives. Results show that the proposed water storage and transfer will reduce water deficit within the project command area and significantly reduce dry slow river flow into the Lower Godavari Delta.
Issues, insights, and tools
The set of papers presented in this Special Issue contribute valuable insights, and innovative tools and methods, to support a more explicit application of trade-off and synergy information into policy formulation and implementation.
Friend & Blake (2009) provide key insights for stepping beyond trade-offs. They note that whereas current debates focus on technical modeling and assessment, the rights and risks approach also includes the political processes of identifying development objectives and making appropriate decisions. They point out (a) that the discourse of trade-offs is helping to re-frame the scope of debates about capture fisheries and hydropower; (b) that over the last decade, there has been a huge growth in research on capture fisheries in the Mekong that has enhanced understanding of the levels of production, hydroecological drivers of natural productivity and economic values, and consequently fisheries issues can no longer be ignored; (c) that where fisheries issues stand in opposition to development interests they can be downplayed, and the debate reshaped; and (d) that framing the debate in terms of trade-offs allows fisheries concerns to be focused on the impacts of development and how these can be managed. Navy & Bhattarai (2009) emphasize that though the economic profitability of family fishing varies among communities and by fishing seasons, the pattern of key economic parameters are the same. That profitability has worsened recently is largely due to a sharply rising fisher population, increased inputs cost, and weak enforcement of fisheries rules and regulations at the local level to manage the de-facto open access of river resources. However, they indicate that small-scale capture fishing in Cambodia is still an economically viable livelihood, although the returns become marginal. Hence, public policy interventions such as restoration of fishing grounds and fish habitats, or seasonal livelihood diversification by promoting vegetable and other short-duration crops are needed to create more tradeoffs in the labour market and labour mobility across sub-sectors of the rural economy. Verdegem & Bosma (2009) shed light on the potential for reducing freshwater use in pond aquaculture through better water management, selecting feed ingredients that need little water, and feeding the pond not the fish. Mustafa & Brooks (2009) compare the performance of semi-closed stocked beels and floodplain aquaculture systems, and show that the semi-closed system has a higher net economic benefit per hectare and per kilogram of fish, and that the floodplain system tends to use more fertilizer per unit area. The floodplain aquaculture system is found to be a costly approach, generating benefit for only certain sectors of the community (especially landowners) at the cost of bio-diversity, the ecology and the livelihoods of poor people, especially fishers. In semi-closed stocked beels, managed according to a community based fisheries management (CBFM) regime, the fishers have, over time, established appropriate stocking densities and developed empirically-based effective stocking and harvesting management regimes. The study illustrates the long-term gain that can be secured through the adoption of community-based management approaches to semi-closed and floodplain aquaculture systems. It argues that, given the cost-effectiveness of stocking as a means of increasing production and incomes, the CBFM approach should be promoted widely.
Delta regions comprise of a mosaic of fresh and saline water zones, and land and water management influences the extent of each of these zones. The high financial return from shrimp aquaculture farming is the main driver of conflict among shrimp and rice producers. Hoanh et al. (2009) illustrate how such conflicts could be managed, mainly through the development and operation of appropriate water control infrastructure and the application of appropriate land use strategy. Dung et al. (2009) , through Role Playing Games (RPG), confirm the trend of prolonging the duration of saline water in fields as long as possible by some farmers, although some farmers recognized that changing back and forth between brackish and fresh water environments could reduce the risk of shrimp disease. Prolonging the duration of saline water in fields reduces salt leaching from the soil profile and hence rice grows well during the seedling stage but dies when roots intrude into the saline layer. It is also noted that the buffer zone is narrower than recommended due to the expansion of shrimp monoculture, driven mainly by the high revenue and lower production and marketing risks.
McCartney (2009) illustrates how a combination of factors constrain the successful implementation and mechanisms for promoting, funding and ensuring compliance. He argues that spreading the responsibilities for planning, monitoring and regulation of dams across a large number of institutions complicates management co-ordination and the identification of responsibility. The problem is exacerbated in countries where there is neither the necessary framework to ensure legal compliance, nor a civil society sufficiently empowered to insist that recommended measures to protect the environment are put into practice. Banadda et al. (2009) illustrate how urbanization and agricultural intensification increases surface water pollution and diminishes the water purification role of wetlands, thereby increasing the total pollution loading on receiving water bodies. They highlight some of the underlying causes that need to be addressed, and the need to harmonize urbanization, crop, forestry, wetland, livestock and water policies. Friend & Blake (2009) critically analyze the approaches used in justifying hydropower development in the Mekong Basin, and argue that a development narrative based around hydropower as the basis for economic development is unlikely to effectively balance trade-offs because such an approach downplays both the negative impacts on capture fishers as well as the role of these fisheries in economic development; for example, the original Environmental Impact Assessment (EIA) for the Pak Mun Hydropower dam downplayed the significance of capture fisheries to local communities and argued that the dam provided opportunities for fisheries development. They note that fisheries are overlooked in the planning and impact assessment stages and fishers excluded from negotiations about possible impacts and benefits. They argue that while technical approaches, such as hydrological modeling and trade-offs analysis, are useful tools they cannot replace a political process of dialogue and negotiation for decision-making. They conclude that (a) in order to ensure a thorough consultative process (particularly with those most at risk) it is important that these assessments also allow for public scrutiny and peer review; and (b) there is a need for a more comprehensive and strategic approach to planning, assessment and negotiation of future development that is founded on precautionary principles and concerns for rights and risks. Bharati et al. (2009) and Hoanh et al. (2009) highlight the importance of models in managing tradeoffs, while Friend & Blake (2009) warn against over-reliance on hydrological models. Hoanh et al. (2009) illustrate how a suite of models can generate information required to answer the following questions: how to achieve the highest economic returns from an investment in salinity control and an irrigation system, and how sluice gates should be operated to reduce the conflict between the need for fresh water for rice cultivation in the eastern part and the need for brackish water for shrimp raising in the western part of the region. Bharati et al. (2009) illustrate how a Water Evaluation and Planning Model (WEAP) can be used to support detailed scenario simulations with the inclusion of factors previously unaccounted for (such as environmental flows), enhance the awareness of potential future problems and enable water managers to make informed choices while making water transfer during the dry season with water scarcity. They also illustrate the need to complement water transfers with water demand management strategies, such as changing cropping patterns and growing less water-intensive crops.
For socio-economic analysis, Navy & Bhattarai describe how many of the techniques of Participatory Rural Appraisal (PRA) such as Time Line, Trend Analysis, Focus Group Discussion, Resource Flow Diagram, Venn/Institutional Diagram, Production Cost and Benefits of Production, and Problem Ranking can be combined with individual household surveys to analyse the viability and trade-off in small-scale catching fishery. Dung et al. (2009) illustrate how modeling can be complemented by role playing games (RPG); role playing games were particularly useful in improving information exchange between regional water managers and farmers at different locations. This information exchange enhanced the understanding of impacts and vulnerability, the distribution of costs and benefits associated with tradeoffs, and the identification of a broader range of response options that are available in a specific context.
Implications for research and policy
Although the papers contained in this issue address different issues at different scales and in different contexts, and the analysis of the issues is neither comprehensive nor exhaustive, they cover relevant global and national issues that provide new insights that can be used to improve future water policy formulation and practice. All the papers contribute by illustrating the complexity of issues, highlighting innovative tools and methods for addressing the issues, and generating new insights for future water policy formulation and practice.
All the papers highlight different aspects of trade-offs: economic development and environmental conservation (Banadda et al., 2009; Bharati et al., 2009; McCartney, 2009) ; rice versus shrimp production (Dung et al., 2009; Hoanh et al., 2009) ; freshwater versus brackish water aquaculture (Verdegem & Bosma, 2009 ); semi-closed versus floodplain aquaculture (Mustafa & Brooks, 2009 ). Synergies issues are not explicitly addressed, although Navy & Bhattarai (2009) Friend & Blake (2009) conclude that the current analysis of development challenges, particularly of poverty and strategies to overcome poverty, is limited and unconvincing, and the current impact assessment procedures are inadequate to deal with these challenges. They argue that although the concept of trade-offs has an immediate appeal, it is also problematic as it draws attention away from considering development objectives and options towards focusing on impacts, and infers a technical approach as opposed to a political process of decisionmaking; they conclude that it is important to include all stakeholders, including the ones who are most at risk, and draw their attention to having public scrutiny and peer review for such assessments.
The critical role played by tools and methods in generating credible information for stakeholder consultation and policy dialogue is exemplified by Bharati et al. (2009) Friend & Blake (2009) emphasize that while technical approaches such as hydrological modeling and trade-offs analysis are useful tools, they cannot replace a political process of dialogue and negotiation for decision-making. They also notice that there is less discussion of who should be involved in considering the trade-offs and how this process should occur. Navy & Bhattarai (2009) believe that their kind of analysis on the improved economic parameters of family fishing need to be incorporated into the river water allocation models for a better policy formulation at the local, regional and national levels.
Several papers highlight the need for harmonizing sectoral policies: urbanization, forestry, crop, livestock, water fisheries and environmental policies (Banadda et al., 2009; Bharati et al., 2009; Hoanh et al., 2009; McCartney, 2009; Navy & Bhattarai, 2009 ). McCartney (2009) calls for innovative approaches for financing environmental protection measures, while Verdegem & Bosma (2009) discern the need for policies that reduce freshwater use in pond aquaculture. Mustafa & Brooks (2009) allude to the need for policies that promote community-based fisheries management. Navy & Bhattarai (2009) propose an assessment of the scale and level of the actual contribution of family fishers in the national and regional economy of the Mekong region.
Future research areas are explicitly mentioned by several papers in this Special Issue. Verdegem & Bosma (2009) suggest a first priority should be ensuring that infiltration losses and replacement waters from aquaculture are green water, by focusing on purification of effluents, re-use of nutrients and control of percolation losses; a second research priority should be to increase pond productivity while reducing environmental impacts by direct feeding strategies, towards managing the pond ecosystem rather than only the culture animals; a third priority should be diminishing our dependence on grains in aquafeeds, and a fourth priority should be improving productivity in brackish water ponds with high or fluctuating salinity level. Dung et al. (2009) indicate further studies on participatory methodologies to minimize the influence of government officers and other players on participant responses; to detect the hypothesis that participants consider at the participatory process; to provide a context where participants are more openminded and thus more responsive to solicitations for expressing their views; to promote "learning by simulating" with fewer side effects than the usual "learning by doing"; and to improve the interaction frequency so that participants can learn to improve their management strategies after each participation step. From the conclusion that pollution from non-point sources is higher than that from point sources, Banadda et al. (2009) note that an integrated management approach of land-based non-point source pollution is needed to reverse deteriorating water quality. Similarly, Hoanh et al. (2009) indicate that as well as salinity control, management of acidic pollution from acid sulphate soil leachates in the coastal zone should be studied because of its impacts on fisheries and aquaculture. More generally, McCartney (2009) notes the requirement of inter-disciplinary thinking and a basic understanding of the complex interactions between ecological and socio-economic systems, because a lack of hydroecological understanding remains a key constraint to successful environmental protection.
The review of literature indicates that there is a rich knowledge base and a wide variety of tools and methods that can be used to ensure trade-off and synergies issues are adequately taken into consideration for more effective and efficient resolution of conflicts associated with water quality, aquaculture and environment. A major challenge lies in adapting and applying the knowledge base, tools and methods to specific problem situations. More research and public action is required to promote inter-disciplinary thinking and enhance basic understanding of the complex interactions between ecological and socioeconomic systems for more effective and efficient policy formulation and practice. Besides its research and methodological contributions, it is hoped this Special Issue will also be a catalyst to enhancing public attention and policy action in this important area of water-based aquatic ecosystem management.
